The use of cues to predict the location of a visual target is an important cognitive strategy for primates. While mice are generally considered to be less dependent on vision than primates, new work shows that they can also use spatial cues to direct their visual attention.
The term attention is a term used to describe a diversity of cognitive states. In one sense, attention denotes a set of global states such as arousal, vigilance, or engagement; these states are generally thought to be evolutionarily conserved, and their neural substrates have been investigated in a variety of species. In contrast, selective attention is a more specific cognitive state in which an object, feature, or location is prioritized over others. Visual selective attention has been assumed to be a unique feature of primates, but a new study, by Wang and Krauzlis [1] , reported in this issue of Current Biology, demonstrates that mice can also exhibit these more refined forms of visual attention.
There were many reasons to believe that mice would not be able to express visual selective attention. For one, it was not clear that mice have the cognitive capacity to learn such abstract rules. While mice have been successfully trained to use cues to guide their behavior, this has largely been done using cross-modal sensory selection tasks [2, 3] . In these tasks, mice must report stimulus presence (or location) based on the cued modality while ignoring the irrelevant, and potentially conflicting, information from the other modality. This requires that mice use cues to apply strict sensory selection rules, but there is still a large cognitive leap to using such cues to make sensory predictions. Furthermore, mice may be more likely to generalize across features within a modality -and therefore fail to prioritize one feature over another -than across modalities, because of the anatomical segregation of the circuits that process information in different modalities.
Indeed, sensory selection appears to be mediated by conserved intrathalamic circuits [2, 3] . In contrast, visual selective attention, particularly spatial attention, has been thought to require more highly evolved connectivity within the visual system. In particular, the planning and preparation of eye movements is thought to be an essential function of visual spatial attention [4] . Microstimulation of the eye movement region of the premotor cortex is sufficient to induce attention-like effects on both behavioral performance and the activity of sensory cortex [5] . The anatomical differences between mice and primates have provided another reason for skepticism: mice lack a fovea, the cone-dense region of the retina used for high acuity vision, and seem to lack (or have underdeveloped) motor cortical structures for the fine control of eye movements [6] . Without a fovea, targeted eye movements might be less important for resolving detail, and it was possible that specialized premotor structures and spatial attention were primate-specific adaptations. In fact, rodents usually orient to targets using head and body movements, making the head-fixation required for a precise study of selective attention yet another hurdle to studying visual spatial attention in mice [7] .
In their efforts to test whether mice could express visual selective attention, Wang and Krauzlis [1] cleverly translated a primate-centric experimental design for use in the mouse. First, they selected a visual detection task that was already proven to work in mice: the detection of an abrupt change in grating orientation [8] . Their key innovation was to have a set-up in which this change can occur on one of two monitors, positioned so that each was visible to only one eye ( Figure 1A ). This arrangement likely helps the mouse to easily distinguish the two potential target locations. Second, the authors used a cue design that is salient and intuitive. At the beginning of each cued trial, the stimulus was presented first on the side on which the target was most likely to appear. Thus, the cue served the purpose of alerting the mouse to the position of the target, but it could not be mistaken for the target, or provide any information about the likelihood of target appearance. The authors also used a block-wise structure in which the same side was cued for 40-80 consecutive trials. This likely helped the mouse to consolidate the association between cue and target location. Third, they used distance travelled on a running wheel to trigger task events: this enabled the mouse to initiate trials by running, thereby stabilizing task engagement across a session, potentially increasing the animal's awareness of the sequence of task events. Locomotion has been shown to enhance arousal and visual processing, and thus may also have contributed to improved task performance [9] [10] [11] .
Another important component of the task design was the integration of a method for measuring both hit and false alarm rates ( Figure 1B) . On each trial, there was only a 50% chance of target appearance. On target-present trials, the mouse had to lick the reward spout within a short window to receive its reward and register a 'hit'; but on trials with no target, the mouse had to withhold licking for the duration of the trial to avoid a 'false alarm'. Thus, each trial resulted in either a 'hit' or 'miss' on target-present trials, or 'false alarm' or 'correct reject' on target-absent trials. Having both hit and false alarm rates made possible the use of signal detection theory to gain insight into the effects of the cue on the mouse's behavior [12] . For instance, changes in the difference in hit and false alarm rates were 
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Dispatches an indication that the cue alters the animals' sensitivity in detecting the target; while changes in the sum of hit and false alarm rates were taken as implying a change in the animals' criterion for saying 'yes'. These different components of attention have been suggested to arise from distinct circuits, and the mouse provides an exciting opportunity to dissect these mechanisms [13] .
Perhaps the most innovative component of the task structure is its flexibility. With subtle changes in task design, Wang and Krauzlis [1] were able to explore three classic visual spatial attention paradigms: first, valid cue versus no cue; second, valid cue versus invalid cue (in which the target appears in the uncued location); and third, cue change versus foil change (in which the mouse had to withhold licking to targets in the uncued location). Each of these paradigms disambiguates distinct properties of attention: first, the benefits of attention to the cued location; second the costs of removal of attention from the uncued location; and third the suppression of responses to an uncued target. In all three tasks, the mice reliably had higher accuracy and speed on the cued side, as well as changes in sensitivity and criterion, consistent with the performance of primates on comparable tasks ( Figure 1C) . Moreover, some of these effects could be observed from the very first trial in the block. This supports the argument that the mice were actually using the cue, and not simply the probable target location, to guide their attention.
These innovations in task design revealed that mice use spatial cues to prioritize sensory information. This finding suggests that visual selective attention may be a conserved cognitive state that is mediated by conserved circuits. More work needs to be done to test this hypothesis. Primates are able to attend covertly, that is without looking at the target location [4] , they can attend to specific features and objects in addition to locations [14] , and they are able to use the task structure to independently shift their sensitivity and criterion [13] . Testing these abilities in the mouse will help us to understand which components of attention are in fact conserved across species.
Most importantly, the development of these three selective attention tasks for use in the mouse provides a critical tool for neurophysiologists. These tasks open up the possibility for a constellation of studies dissecting how distinct areas and cell types contribute to the diverse effects of visual selective attention. Figure 1 . Task designed to test the benefits of spatial cues on behavioral performance.
(A) Schematic of the head-fixed behavioral configuration used by Wang and Krauzlis [1] . The mouse is positioned in front of two LCD screens on a treadmill with access to a lick spout for reward. (B) Task structure for the 'cue versus no cue' paradigm. FA, false alarm; CR, correct reject. (C) Summary of effects of the spatial cue on task performance. Lapse rate: misses on supra-threshold targets.
